In an occupational mortality analysis of 486,000 adult male death records filed in Washington State in the years , leukemia and the non-Hodgkin's lymphomas show increased proportionate mortality ratios (PMRs) in workers employed in occupations with intuitive exposures to electromagnetic fields. Nine occupations of 219 were considered to have electric or magnetic field exposures. These were: electrical and electronic technicians, radio and telegraph operators, radio and television repairmen, telephone and power linemen, power station operators, welders, aluminum reduction workers, motion picture projectionists and electricians. There were 12,714 total deaths in these occupations. Eight of the nine occupations had PMR increases for leukemia [International Classification of Diseases (ICD), seventh revision 204] and seven of the nine occupations had PMR increases for the other lymphoma category (7th ICD 200.2, 202). The highest PMRs were seen for acute leukemia: (67 deaths observed, 41 deaths expected; PMR 162), and in the other lymphomas (51 deaths observed, 31 deaths expected; PMR 164). No increase in mortality was seen for Hodgkin's disease or multiple myeloma.
In Washington State, all male death records for the years have been coded to occupation. Analyses of the 1950-1971 data and of the data have been published (1, 2) . In the 1950-1979 data set, men whose occupations were associated with electric or magnetic fields had more deaths due to leukemia than would be expected (3) . This association has been supported in data from a Los Angeles County Cancer Registry (4) , in Vital Statistics for England and Wales (5) , and in a British Cancer Registry (6) . Since three more years of data are now available, I examined the patterns of mortality in electrical workers in greater detail.
Methods
All deaths of Washington State resident men, age 20 years or older, from 1950 to 1982, were coded to occupation. This file contains 486,000 deaths. Proportionate mortality ratios (PMRs), standardized by age and year of deaths, were calculated for 158 cause-of-death groups in each of 219 occupational classes. For this analysis, the following occupations were considered to have electric or magnetic field exposures: electrical and electronic technicians, radio and telegraph operators, electricians, linemen (power and telephone), television and radio repairmen, power station operators, aluminum workers, welders and flame-cutters, and motion picture projectionists. Electrical engineers were not included, because their electrical exposures are infrequent and because of potential social class confounding of the mortality ratios. Streetcar and subway motormen were not included because of too few deaths in recent years (11 total deaths since 1970).
Aluminum potroom workers are exposed to strong magnetic fields created by the high amperage direct current (75,000 A) used in the aluminum reduction process. They are also exposed to polycyclic organic matter generated when the binder in the carbon electrodes is burned.
The welder group includes flame-cutters and gas welders who have no electrical exposures. Arc welders work near step-up transformers, but are also exposed to ozone, oxides of nitrogen and metal fumes. The motion-picture projectionists also work near step-up transformers but, like aluminum workers, have exposures to burning carbon electrodes and polycyclic organic matter.
Those electricians engaged in new house wiring have minimal electric field exposures; electricians who work for electric utilities may have high field exposures.
The workers in the other occupations are exposed to electromagnetic fields associated with alternating current flowing in wires and powerlines. The power station operators work in hydroelectric plants along the Columbia River. They are also exposed to ozone, especially when working in the turbine housings.
Results and Discussion There is nothing in the available occupational literature which indicates that nonionizing radiation is a human carcinogen. There are conflicting reports relating residential electrical wiring configurations to cancer mortality (7) (8) (9) . Occupational exposures to electric fields are much higher than those received by virtue of residence.
Weak electromagnetic fields can alter human reaction time (10) and circadian rhythm (11) . Nonionizing radiation has been shown to cause endocrine (12), neurologic (13) , and immunologic (14) changes in animals. Weak oscillating electric fields have been shown to affect calcium binding to cerebral tissue (15) , and weak pulsedmagnetic fields have been shown to be teratogenic for the developing chicken (16) . In most cases, these effects do not show the usual dose-response relationships. Rather, "windows" of effect of both frequency, power and wave form are seen. There are no systematic studies of the carcinogenicity of electromagnetic fields in animals.
Summary
Leukemia and non-Hodgkin's lymphomas show increased proportionate mortality ratios in men employed in occupations with intuitive exposures to electric and magnetic fields in Washington State.
